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(57) Abstract ! 



A one-way valve for use in a medical pump system, said valve comprising: 
an outer sheath, defining and enclosing a lumen therein, and comprising one or 
more radial opening; and an elastic outer sleeve, which adheres to an outer, radial 
surface of the sheath to cover the radial openings, closing the valve, wherein 
in response to an increase of a fluid pressure inside the lumen, the outer sleeve 
stretches outward, exposing the radial openings, so that fluid flows out of the valve 
in a direction determined by the sleeve, and wherein the valve is adapted to control 
the direction of flow. 
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VALVE FOR A HEART ASSIST DEVICE 
FIELD OF THE INVENTION 
The present invention relates generally to devices and systems for augmenting cardiac 
output, and specifically to valves for use in intra-ventricular cardiac assist pumps. 

BACKGR OUND OF TffE INVENTION 
Intra-aortic and intra-ventricular cardiac assist devices are well known in the art. These 
devices are generally used to reduce the heart's work load after insult or surgery. They may 
also be used to increase blood flow from the left ventricle of the heart into the aorta in cases of 
insufficient cardiac output due, for example, to acute or chronic heart ailments or to 
interference with normal cardiac function during surgery. - 
One of the best-known and most widely-used intra-aortic pump systems is the Intra- 
Aortic Balloon Pump (IABP), comprising a catheter, having an inflatable balloon at its distal 
end, which is inserted through an artery into the aorta. The balloon is then alternately inflated 
and deflated by an external pump drive, so as to alternately block and unblock blood flow 
through the aorta, in synchrony with the beating of the heart, in order to assist the left ventricle 
in propelling blood into the arterial system. The IABP, however, provides only limited 
augmentation of the heart's natural, unassisted output, and is not adequate for overcoming 
heart failure. ' 

U.S. patent 4,014,317, which is incorporated herein by reference, describes a 
cardiocirculatory assist cannula with a balloon pump and cardiac pacing electrode. The 
cannula is inserted percutaneously through the aorta so that its distal end is inside the left 
ventricle of the heart. During systole, inlet valves on the cannula inside the left ventricle open, 
and the contraction of the ventricle forces blood to flow into the cannula. Then, during 
diastole, the blood flows out, into the aorta, through one or more outlet valves along the 
cannula downstream from the inlet valve. A gas-filled balloon, similar in function to the IABP 
described above, is connected to the cannula downstream of the outlet valves. The balloon is 
typically inflated during diastole and deflated during systole, to assist in perfusion of the 
coronary arteries. The cannula has a small stroke volume, however, and relies on the 
contractile force of the heart to pump the blood. It is therefore of limited usefulness in 
augmenting the blood output of a weakened or failing heart. 

U.S. patent 4,906,229, which is also incorporated herein by reference, describes a high- 
frequency transvalvular axisymmetric blood pump. The pump includes a small internal 
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volume, which may be alternately expanded and reduced by pneumatic or hydraulic pressure 
which is exerted via a flexible membrane radially surrounding the volume. The volume has 
intake and outlet ends, with one-way axial valves at both of the ends, so that blood can flow 
only from the heart into the aorta. The pump is connected via the one-way intake valve to a 
5 cannula, which is inserted into the left ventricle of the heart through the aortic valve. When 
the internal volume is expanded, blood flows into the pump from the ventricle. The volume is 
then reduced, and the blood is ejected into the aorta through the outlet end. This pump is 
designed to operate at a frequency of 600 to 1,000 cycles per minute. Since the stroke volume 
of the pump is typically only about 3-5 cc, these high cycle rates are needed in order to provide 
10 adequate perfusion. 

In the Hemopump Cardiac Assist System, distributed by Johnson & Johnson " 
Interventional Systems, a cannula containing a special, miniature rotor pump mechanism is 
inserted into the aorta. The pump is driven by a drive unit outside the body, to pump blood 
continuously from the aorta into the rest of the arterial system, thereby supplementing the 
15 heart's natural output rate. A system of this type is similarly described in U.S. patent 
5,092,844, which is incorporated herein by reference. While continuous-flow devices- are 
useful for short-term augmentation of cardiac output, however, it is medically known 'that 
pulsatile pumps provide more effective long-term support, since they approximate more 
closely the natural pump action of the heart. 
10 U. K. patent 1,370,546, which is incorporated herein by reference , describes heart 

assist apparatus that includes a pump for cardiovascular pumping of the blood and 
communicating with the pump, a catheter, which is inserted into ventricle of the heart The 
catheter includes an inlet valve for drawing blood from into the catheter from the left ventricle 
and an outlet valve for discharging the blood into the aortic arch. The outlet valve consists of 
5 slotted openings in the catheter, closed by elastic tongues on the outside of the^ catheter 
Overpressure within the catheter, generated by the action of the pump, causes the elastic 
tongues to open outward, so that the blood is discharged through the openings. 

U. S. Patent 3,995,617, which is also incorporated herein by reference, describes a 
method and device for augmenting the action of the heart. A catheter, whose proximal end is 
) connected to a reciprocating pump, is inserted through the aortic valve into the left ventricle of 
the heart. During systole, the pump creates suction so that blood is drawn into the catheter 
through an inlet valve at the distal end of the catheter, which is positioned in the left ventricle 
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During diastole, the pump pressure is increased, and blood is expelled through a plurality of 
outlet valves into the aorta. The outlet valves consist of a multiplicity of openings along the 
side wall of the catheter, covered by externally located rubber or flexible plastic cylinders or 
boots. The outward pressure generated in the catheter by the pump causes the cylinders or 
5 boots to expand outward, so that the outlet valves open. 

The above cardiac assist devices generally make no provision for controlling or 
adjusting the direction of blood flow from the pump into the arterial system. The valves 
associated with the pumps are capable of directing blood flow out of the pumps only in a 
fixed, generally downstream, direction. 
10 : SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an adjustable, one-way valve, 
particularly for use in medical pump systems and cannulae. 

In some aspects of the present invention, the one-way valve serves as an outlet valve of 
a cannula associated with a cardiac assist pump system. The valve is constructed or adjusted 
1 5 to control the direction of blood flow out of the cannula. 

As described in PCT publication WO 97/02850, which is incorporated herein by 
reference, in some preferred embodiments of the present invention, an intraventricular cardiac 
assist pump comprises a cannula, whose distal end is inserted through the aorta into the left 
ventricle, and a pulsatile drive unit, coupled to the cannula at the proximal end thereof. The 
cannula comprises an outer sheath, defining and enclosing an internal lumen, having at least 
one intake valve, adjacent to the cannula's distal end, and one or more outlet valves, disposed 
radially along the length of the cannula, downstream from the intake valve. The pulsatile drive 
unit alternately reduces and increases the fluid pressure in the cannula. When the pressure is 
reduced, the at least one intake valve opens, while the one or more outlet valves are closed, 
and blood flows through the intake valve into the lumen of the cannula. The pressure in the 
cannula is then increased, causing the intake valve to close and the outlet valves to open, so 
that blood flows out of the lumen into the aorta. 

Preferably, the drive is synchronized with the heart beat, so as to draw blood into the 
lumen of the cannula during systole and eject the blood into the aorta during diastole. 

Alternatively, the drive may be counter-synchronized, so as to draw blood into the 
lumen during diastole and eject it during systole, or the drive may be operated asynchronously, 
independent of the heart beat. 
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In preferred embodiments of the presen, invention, .he cannula comprises a flexible 
r«s,l,en« <ube having a diameter in the range of 15-30 French (5-10 mm). I, is preferabIy 
mserted percutaneous* through the femoral artery, into me aorta, and men through me aortic 
valve ,,«„ the ,efl ventride of me hear,. Alternative*, the camtma may be inserted elsewhere 
» into me arterial or venous system through a suitable surgical incision. 

Tne at leas, one intake valve of me cannula may comprise a mechanical flap, leafle, or 
Cher valve rype too™ in me art or described in me above-mentioned PCX pa.en. application 
The outlet valves of the cannula comprise radial openings along me .ength .hereof 
wmch are covered and closed by a flexible, elastic ou,er sheath, preferably made or 
bmcompatiblo rubber. The sheath is preferably held in place by a Camp, for examp.e a 
squeeze ring, along a portion of itS lengtir. Amatively, me ahead, may he glued or otherwise 
fastened in place. 

Normally, U,e elasticity of me outer sheath covering the ou.le, valves causes i, ,„ 
adhere radially ,o tire ou,er surface of me cannula, .hereby cloamg me outie, valves. When me 
pressure inside me lumen of the cannula is inereaaed, however, me pressure of me blood exerts 
an outward force on me ahea,h .hrough me radial openings. This force causes me shea* ,o 
stretch outwards, allowing the blood ,o flow ou, of the lumen. 

By adjusting me position of me squeeze ring, me direction of blood flow ou, of me 
outlet valves may be adjured. In some preferred embodiment of .he presen, invention me 
squeeze ring is positioned a. or near me upstream end of me sheam. Thus, ,he downstream 
end of ,he ahead, s«re.ches outward when me pressure inside ,he lumen is increased ,hus 
d,rec,ing .he blood flow ou. of me cannula in a generally downstieam direction, to other 
preferred embodiment of me presen, invention, me squeeze ring is a, or near me downstieam 
end of the sheam, so «ha, me upstieam end .hereof stietches outward when me pressure is 
mcreased and blood flow is direcled in a general* upstream direction. Alternatively or 
additionally, e,mer the upstieam or me downstieam end of .he sheam may be mickened and/or 
stiffened, so ma, me outer, more flexible end of me sheam wi.1 shelch outward preferentially 
when the pressure in the lumen is increased. 

Furthermore, in still other preferred embodiment of the present invention, (he squeeze 
nng ,s positioned in a predetermined .ocation in,ermedia,e the upstieam and downstream ends 
of ,he ahead,. The location is chosen so as ,o direc, ,he blood flow in a desired proportion 
between me upstteam and downstream directions. Additionally or alternatively me sizes 
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number and/or positions of the radial openings in the cannula may be chosen so as to produce 
the desired upstream/downstream proportion, in cooperation with the sheath. 

In some preferred embodiments of the present invention, the pump, cannula and outlet 
valve structure described above are used to enhance circulation in the coronary arteries, for 
5 example, in a subject at risk for infarction. The cannula, having its outlet valve structure 
adjusted to provide outflow in the upstream direction, is inserted into the aorta of a subject. 
Preferably, the pump drive operates in a counter-synchronized mode, so that blood is pumped 
out of the cannula into the aorta during diastole. Under these conditions, the blood flowing out 
of the outlet valve will flow preferentially into the coronary arteries. Other types of pumps, 
10 known in the art, may similarly be used for this purpose. " 

Although preferred embodiments are described herein with reference to a cardiac assist 
pump system, it will be appreciated that valves in accordance with the principles of the present 
invention may be used in other types of medical fluid flow devices, as well. 

There is therefore provided, in accordance with a preferred embodiment of the 
15 invention, one-way valve for use in a medical pump system, said valve comprising: 

an outer sheath, defining and enclosing a lumen therein, and comprising one or more 
radial openings; and 

an elastic outer sleeve, which adheres to an outer, radial surface of the sheath to cover 
the radial openings, closing the valve, 
20 wherein in response to an increase of a fluid pressure inside the lumen, the outer sleeve 

stretches outward, exposing the radial openings, so that fluid flows out of the valve in a 
direction determined by the sleeve, and 

wherein the valve is adapted to control the direction of flow. 

Preferably, wherein the one or more radial openings comprise at least a first opening, 
25 adjacent a proximal axial end of the sleeve, and a second opening, adjacent a distal axial end 
of the sleeve, such that when the sleeve stretches outward, fluid exiting the first opening flows 
out of the valve in the proximal direction, and fluid, exiting the second opening flows out of the 
valve in the distal direction, in a desired proportion of proximal to distal flow. 

Preferably, wherein the first and second openings are of different sizes, such that the 
30 proportion of fluid flowing out of the valve in the proximal direction to that flowing out in the 
distal direction is determined by the relative sizes of the first and second openings. 
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In a prefer embodiment of ,he invention, the valve comprises a retaining ring 
ctrournferentiaUy engaging a portion of the s ,eeve so as to hoid the .leeve.it, piaee revive * 
me ahead, wherein me axial position of me retaining ring aiong me s.eeve is adjus,ab.e so as 
to control the How of fluid out of the valve. 

There is further provided, in accordance with a preferred embodiment of .he invention 
a one-way valve for use in a medical pump system, said valve comprising- 

an outer ahead,, defining and enclosing a lumen .herein, and comprising one or more 
radial openings; and 

[. ffietetico ^^.»^ adheres ,o an ou^radia, surface of me shea.h ,o oover 
10 die raBial openings, closing die valve, 

' wherein in response .o an increase of a fluid pressure inside me lumen, the outer sleeve 
stretches outward, exposing me radial openings, so <ha, fluid flows out of the va!v= in a 
direction determined by the sleeve, 

. wherein the one or more radial openings comprise at least a first opening, adjacent a 
proxtma, axial end of me sleeve, and a second opening, adjacent a distal axia. end of the 
sleeve such that when me sleeve sBetches outward, fluid exiting me firs, opening flows ou. of 
the valve ,n me proximo, direction, and fluid exiting me second opemng flows ou, of the valve 
m the qls ,al direction, in a desired proportion of proximal ,o dislal flow, and 

2 0 a 'A n" firS ' ^ SeC ° nd ° PeningS ^ ° f differeM SUCh ** *• I**-*- of 
duocon ,s determined by me relative sizes of me firs, and second openings. 

There is further provided, in accordance with a'preferred embodiment of the invention 
a cannula pump comprising: 

a cannula comprising having an inner lumen formed therein; 
25 an inlet valve communicating with the lumen; and 

an outlet valve as provided above communicating with the lumen. 
There is further provided in accordance with a preferred embodiment of the invention a 
method for controlling fluid flow out of a cannula, comprising: 

opening one or more radial openings in an outer sheath of the cannula, communicating 
30 with a lumen thereof; S 
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fitting a flexible outer sleeve over the cannula, so as to cover the one or more radial 
openings, wherein the sleeve stretches outward, exposing the openings, responsive to an 
increase in fluid pressure in the lumen; 

determining a desired direction of fluid flow out of the lumen; and 
5 fixing the sleeve to the sheath in a position such that the sleeve directs the fluid flow 

out of the lumen in the desired direction. 

Preferably, opening the one or more radial openings comprises opening at least two 
openings of different sizes, responsive to the desired direction of fluid flow. 

Preferably, fixing the sleeve to the sheath comprises altering the position d which the 
10 sleeve is fixed to the sheath so as to adjust the direction of fluid flow. ' 

There is further provided, in accordance with a preferred embodiment of the. invention, 
a method for injecting fluid into a vessel having a flow of liquid generally in a normal flow 
direction, comprising: ' 

connecting a cannula, having distal and proximal ends and having an intake and a 
15 directional outlet valve, to a pump drive at the proximal end of the cannula; 
inserting the distal end of the cannula into the vessel; 
filling the cannula with the fluid; and ] 

ejecting the fluid through the outlet valve of the cannula into the vessel in a-' generally 
upstream direction, opposite the normal direction of flow in the vessel. 
20 Preferably, the vessel is a blood vessel, preferably, the aorta. 

There is further provided, in accordance with a preferred embodiment of the invention, 
a method for augmenting blood flow into a coronary artery, comprising: 

connecting a cannula, having distal and proximal ends and having an intake and a 
directional outlet valve, to a pump drive at the proximal end of the cannula; 

inserting the cannula through the aorta," so that the distal end of the cannula is inside the 
left ventricle of the heart; 

drawing blood from the ventricle into the cannula through the intake valve thereof; and 
ejecting the blood through the outlet valve of the cannula into the aorta in a generally 
upstream direction, so that the blood perfuses the coronary artery. 

Preferably, drawing blood and ejecting blood are performed repeatedly, in alternation. 
In a preferred embodiment of the invention, drawing blood into the" cannula comprises 
drawing blood during systole, and ejecting blood comprises ejecting blood during diastole. 
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The present invention will be more fully understood from the following detailed 
descnpfon of the preferred embodiments thereof, taken together with the drawings in which- 

BRI EF DESCRIPTION OF THP DRA WTNOS 
Fig. 1 is a schematic representation of a cardiac assist pump system, including a 
cannula having an outlet valve assembly in accordance with a preferred embodiment of the 
present invention, illustrating the insertion of the cannula into the heart of a subject; 

Fig. 2A is a schematic, partly sectional representation of the valve assembly of Fig l 
shown in a first, closed position, in accordance with a preferred embodiment of the present' 



« invention; 

10 : 



Fig. 2B is a schematic, partly sectional representation of the valve assembly of Fig. 2A 
£ shown in a second, open position; 

- Fig. 2C is a schematic, partly sectional representation of the valve assembly of Fig 2A 

in an alternative configuration thereof, shown in an open position; 

Pig. 2D is a schematic, partly sectional representation of another valve assembly fa 
15 a ^ancewimap re fen^embodimentofthepresentinve„tion;and 

Fig. 3 is a schematic, partly sectional representation of yet another valve assembly in 
accordance with a preferred embodiment of the present invention. 
' DETAftBP DESCRIPTION ntr PR EFERRED Fvmnnrf 1Bmg 

Reference is now made to Fig. 1, which is a schematic representation of a cardiac assist 
20 pump system 18, including an intm-aortic C annu!a 20, which is inserted into hear, 40 of a 
subject, ,„ accordance with a preferred embodiment of the present invention. Cannula 20 
compnses an outer sheath 22, which defines and encloses an inner Iumen 24 . Preferab 
cannula 20 has a diameter in the range of .5-30 French (5-10 mm) and is made of flexible 
resthent material, for example, polyurethane reinforced with stainless steel wire, so that it can' 
* be utserted into and passed through major arteries of the human body. Cannula 20 further 
■ncludes a one-way intake valve 26, preferably axially disposed, adjacent to hs distal end 28 
and a one-way outlet valve assembly 30, radiaHy disposed along sheath 22 of the cannula' 
Cannula 20 is coupled a. its proximal end ,o a pump 32, which functions to increase and 
decrease, in alternation, the pressure in lumen 24. 

System 1 8 and pump 32 are described in gmater detail in the above-mentioned PCT 
pubhcation, incorporated herein by reference. I, win be understood, however, that any suifab.e 
type of pump or fluid pressure source, as are known in the art, may be used in place of pump 



8 



3NSDOCID:<WO 8828034A1 I > 



10 



15 



20 



25 



30 



WO98/28034 PCT/DL97/00408 

32. Furthermore, although preferred embodiments are described herein with reference to 
cardiac assist pump system 18, it will be appreciated that valves in accordance with the 
principles of the present invention may be used in other types of medical fluid flow devices, as 
well. 

Cannula 20 is preferably inserted percutaneously, through an incision into a peripheral 
artery 42, for example the femoral artery, and passed upstream through aorta 44 into left 
ventricle 46 of heart 40. The method of insertion is substantially similar to methods for 
insertion of other types of cardiac cannulae known in the art. Once cannula 20 is in place, 
intake valve 26 is opened, and blood flows from ventricle 46 into lumen 24. Preferably outlet 
valve assembly 30 is kept closed while the blood fills the lumen. Then'intake valve 26 is 
closed and outlet valve assembly 30 is opened, so that the blood may flow out of the lumen 
and into aorta 44. 

Figs. 2A, 2B and 2C schematically illustrate valve assembly 30, in, accordance with a 
preferred embodiment of the present invention. Valve assembly 30 comprises a flexible, 
elastic outer sleeve 102, which covers and closes radial openings 104 and 105 in sheath 22 of 
cannula 20, which openings serve as outlet valves. Preferably, sleeve 102, is made of latex, 
silicone, or other biocompatible rubber, and is held in place by a squeeze ring 106. 
Alternatively, the sleeve may be glued or otherwise fastened in place. ' 

In Fig. 2A, the pressure in lumen 24 has been reduced so that blood may be drawn in 
through intake valve 26, as described above. The elasticity of sleeve 102 causes it to adhere 
radially to the outer surface of cannula 20, so that outlet valve assembly 30 remains closed. 

In Fig. 2B, however, the pressure of the blood inside lumen 24 has been increased. 
This pressure exerts an outward force on sleeve 102 through openings 104 and 105, causing 
the sleeve to stretch outward, and thus opening outlet valves 30. The shape of sleeve 102 as it 
stretches outward will generally deflect the blood ejected from lumen 24 through openings 104 
in a distal direction, i.e., in a generally upstream direction, and that ejected through openings 
105, in a proximal, generally downstream direction. 

In Fig. 2C, valve assembly 30 is shown in an alternative configuration, in which 
squeeze ring 106 is repositioned axially along sheath 22 so that the ring covers openings 105. 
Ring 106 may be repositioned in any desired location between the distal and proximal ends of 
sheath 102. The location is chosen so as to direct the blood flow out of cannula 20 in a desired 
proportion between the distal and proximal directions. In the case shown in Fig. 2C, when 
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mr opens ' *• biood flow ° ut ° r is dire ° ,ed in ■ — *- 

Fig. 2D is a schematic, party sectional initiation showing another valve assembly 3 1 
"-crtancewimancmerpmfenctiembcdimemof.hep.esen.mventicn. Valve assembly 3 ,' 
- substantia,* similar in design and operation ,o assembly 30 shown m Figs. 2A-2C, JL 
tira, m aaaemb.y „. proximal openings ,05 are subs,a„tia„y smafler than dista, openings Z 
AS a resuh, when valve assembiy 3. opens, as shown in Fig, 2D, substantia,* more b,oL wiU 
flow on, of cannnla 20 in me dista! direction man in me primal direction. The sizes ofl 
opemngs are preferably chosen ,o give a desired ptoporton of distid to proximal flow in 
10 cooperation with sheath in? tu; ' 
Additi „ , ProPOrt, ° n ^ ^ ta « ■«- man one 

Addmonafly or alternative* me number and/or positions of openings ,04 and ,03 may be 

chosen so as to produce me des ire d distaVprexima, portion. Soueeae ring ,06 on valve 
as S emb,y 3, may also be moved .0 adjust me flow proportion, as described above 

F,g. 3 1S a parfly sectional initiation showing a directional flow va,ve 

r : t may be subs,i,med for va,ve — * 30 * — * » — - 

w, b anomer preferred embodlmen, of me present invention. The principles of opemtion of 

a,ve assem ,y oO are simflar ,o those of assembly 30, described above. Assembly «0 
howe Iudes on)y djaa| openings ]M whhout proxjmai ^ , 

rj Tl: T? ma ' poni ° n of s,eeve 102 be ,wckened ^ - . 

more flex,b,e d.s,a, porton, which stiCches outward in .espouse ,o me pressure in lumen 24 
and/or me prox,mal porton of .he sleeve may be glued in place. 

When carnnua 20 is inserted into aorta 44, as shown in Fig. I, it wilI be obsereed ^ 
when va,ve assemb* oO opens, b.ood flowing ou, of opemngs ,04 win be directed by s.oeve 
, 02 ,n a genera,* upstream direction, again, me norma, direction of b.ood flow. By directing 
» flow m .his manner, me perfusion of me corenary arteries 4S may be enW 

Prefemb*, pump 32 is opera«ed in a coun.e.-sync^ mode reUtive ,o me beating of 

pressure .„ aorta 44 are normafly a. .heir ,owes. ,eve,s during diasto.e, comner-synchrenous 
30 ~ " PUmP a "° W ^ "~ ^ — - — 20 and into 

ma. bloods ' " e T Cia ' Cd that COnfi8Ura,i ° n ° f Va ' Ve — 60 - V — • - 
blood flows only on. of opemngs ,05, in a prexima, (» downstream) ^ 
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Valve assemblies 30 and 31, as described above, may also be configured and/or adjusted to 
direct blood flow in a similar manner. 

It will further be appreciated that the preferred embodiments described above are cited 
by way of example, and the full scope of the invention is limited only by the claims. 
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CLAIMS 

1. A one-way valve for use in a medical pump system, said valve comprising- - 

an outer sheath, defining and enclosing a lumen therein, and comprising one or more 
radial openings; and 

5 »^<»»- ^ve, which adheres «o an outer, radial surface of fite sheafi, m cover 

the radial openings, closing the valve, 

sue, h Wher?in ! reSP ° Me " " inmaSe ° f 3 *" iMide *■ • «" — s^e 

■retches onward, exposing ^ ^ ^ ^ ^ ^ ^ ^ ^ 

direction determined by the sleeve, and 

10 wherein the valve is adapted to control the direction of flow. 

L r V , a ' W aCC ° KUng l ° Clafa '• WhCTCin ~ ° r — oP-ngs comprise a, 
leas, a flrs, opentng, adjacent a proximal axial end of the sleeve, and a second opening 

adjacent a dista, axial end of the s.eeve, such tha, when the s,eeve sricches outward, fluid 
exmng the firs, opening flows out of the valve in the proxima. direction, and fluid exiting me 
second opening flows ou, of the va.ve in the distal direction, in a desired proportion of 
proximal to distal flow. 

c 

3. A valve according «o chum 2, wherein the firs, and second openings are of different 
st.es, such fir., the proportion of fluid flowing ou, of the va,ve in fire proxitna, direction to ,„a, 
flowing ou, in ,he dista, direction is determined h y me relafive sizes of ,he firs, and second 
openings. uu 

4. A valve accordjng , 0 my Qf ^ preoed . ng ^ ^ ^ 

ctreumferenfiallv engaging a portion of the ,eeve so as ,o hold me sleeve in place relafive m 
fi,e ahead, wherein me axial position of the reaming ring a,o„g me sieeve is adjust so as 
to control the flow of fluid out of the valve. 



30 



5. A one-way valve for use in a medical pump system, said valve comprising- 

an outer sheath, defining and enclosing a lumen therein, and comprising one or more 
radial openings; and 
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an elastic outer sleeve, which adheres to an outer, radial surface of the sheath to cover 
the radial openings, closing the valve, 

wherein in response to an increase of a fluid pressure inside the lumen, the outer sleeve 
stretches outward, exposing the radial openings, so that fluid flows out of the valve in a 
direction determined by the sleeve, 

wherein the one or more radial openings comprise at least a first opening, adjacent a 
proximal axial end of the sleeve, and a second opening; adjacent a distal axial end of the 
sleeve, such that when the sleeve stretches outward, fluid editing the first opening flows out of 
the valve in the proximal direction, and fluid exiting the sefeond opening flows out of the valve 
in the distal direction, in a desired proportion of proximal to distal flow, and 

wherein the first and second openings are of different sizes, such that the proportion of 
fluid flowing out of the valve in the proximal direction to that flowing out in the distal 
direction is determined by the relative sizes of the first and second openings. 

6. A cannula pump comprising: 

a cannula comprising having an inner lumen formed therein; 
an inlet valve communicating with the lumen; and 

an outlet valve in accordance with any of the preceding claims communicating with the 

lumen. 

7. A method for controlling fluid flow out of a cannula, comprising: 

opening one or more radial openings in an outer sheath of the cannula, communicating 
with a lumen thereof; 

fitting a flexible outer sleeve over the cannula, so as to cover the one or more radial 
openings, wherein the sleeve stretches outward, exposing the openings, responsive to an 
increase in fluid pressure in the lumen; 

determining a desired direction of fluid flow out of the lumen; and 
fixing the sleeve to the sheath in a position such that the sleeve directs the fluid flow 
out of the lumen in the desired direction. 
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A method according to claim 7, wherein opening the one or more radial openings 
compnses opening at least two openings of different sizes, responsive to the desired direction 
of fluid flow. n 



9. A method according ,o claim 6 or claim 7, wherein fixing me s.eeve ,o me sheaft 
comprises aKering me position a, which the sleeve is fixed ,o me sheath so as to adjust the 
direction of fluid flow. 

t 

10. A method for injecting fluid into a vessel having a flow of , iquid jn , Boma 
direction, comprising: 

connecting a cannula, having distal and proximal ends and having an intake and a 
dzrectional outlet valve, to a pump drive at the proximal end of the cannula; 

inserting the distal end of the cannula into the vessel; 
filling the cannula with the liquid; and 

ejecting the liquid through the outlet valve of the cannula into the vessel in a generally 
upstream direction, opposite the direction of normal flow in the vessel. 

c 

11. A method according to clainf.IO wherein the vessel is a blood vessel and 'the liquid is 
blood. 



12. A method for augmenting blood flow into a coronary artery, comprising- 

connecting a cannula, having distal and proximal ends and having an intake and a 
dtrecnonal outlet valve, to a pump drive at the proximal end of the cannula; 

inserting the cannula through the aorta, so mat the distal end of the cannula is inside the 
left ventricle of the heart; 

drawing blood from the ventricle into the cannula through the intake valve thereof and 
ejectmg the blood through the outlet valve of the cannula into the aorta in a generally 
upstream direction, so that the blood perfuses the coronary artery. 

13. A method according to claim 12, wherein the steps of drawing- blood and ejecting 
blood are performed repeatedly, in alternation. 
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14. A method according to claim 12 or claim 13, wherein drawing blood into the cannula 
comprises drawing blood during systole, and wherein ejecting blood comprises ejecting blood 
during diastole. 
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